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0 Pressure control apparatus and apparatus for effecting extration, chromatographic separation, and 
fractionation by employing the same. 

© A pressure control apparatus is used .n an apparatus for effecting extraction, chronnatographic separation. 
CM and fractionation. The pressure control apparatus is intended to reduce the amount of a fluid stagnating in a 
< valve and is arranged to cyclically open and close the valve, thereby controlling the level of pressure. An 

apparatus for effecting extraction, chromatographic separation, and fractionation is designed to perform in an on- 
22 line manner the extraction of soluble components contained in a sample as well as the separation and 
^fractionation of the components, A chromatography is connected to a downstream side of a supercritical fluid 

extraction device, and the aforesaid pressure control apparatus is used as back-pressure regulators (9, 18) for 
Kthe chromatography and the extraction device. An extraction fluid and an elution fluid which are used m a mobile 
S phase may be a common fluid (Fig. 1) or separate fluids (Fig. 10). At the time of extraction, the soluble 
Q components of the samoie within an extraction vessel (6) is extracted by a supercritical fiuid. and is delivered to 

an adsorption column (14). The supercritical fluid is converted into a gas by reducing the pressure within the 

adsorption column and thus the solubility of the fluid is lowered so that the resultant extract is adsorbed by an 
•^adsorbent packed in this column. At the time of chromatographic separation, the pressure within the adsorption 

column f14) is maintained at a critical pressure or higher and thus an extract is eluted by the supercnticai fluid 
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ana is ceiivered to a secaiaiion cotumn M6), ;n wnicn the extract .s separatee r^tc incivicuai co.^Dor^nts. 
when :ne pressure within the aGScrpiion soiumn ^s recuceo, tne supercrtica: :;u,c ,s gasified and tne 
components are coiiected as r'ractions. 
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PRESSURE CONTROL APPARATUS AND APPARATUS FOR EFFECTING EXTRACTION, CHROMATOG- 
RAPHIC SEPARATION, AND FRACTIONATION BY EMPLOYING THE SAME 



BACKGROUND OF THE INVENTION 



Field of the Invention 

5 

The present invention relates to a pressure control apparatus for providing control over the fluid 
pressure of a gas or a liquid within a container or a flow passage, and to an apparatus employing the sanne, 
that is, an apparatus for effecting extraction, chromatographic separation and, fractionation which apparatus 
ts arranged to extract a soluble substance from a sample by the use of a supercritical fluid or a liquefied 
w gas, introduce the resultant extract into a chromatograph in an on-line manner for separation into individual 
components, and collect them as fractions. 

Description of the Prior Art 

15 

The present inventor proposed an extraction/chromatographic separation apparatus capable of extract- 
ing a soluble substance from a sample by using a supercritical fluid or a liquefied gas and introducing the 
resultant extract into a chromatograph in an on-line manner, thereby separating the individual components 
of that extract (Journal of Chromatography, 332 (1985), pages 107 to 116). 

20 The aforementioned extraction/chromatographic separation apparatus is arranged to deliver an 
extraction/elution fluid containing the supercritical fluid or the liquefied gas by means of a pump to the 
interior of an extraction vessel including a sample, extract a soluble component from the sample in the 
extraction vessel, cause the extract primarily obtained in a flow passage downstream of the extraction 
vessel to be drawn at a low pressure into a trapping loop previously charged with the extraction/elution fluid 

25 in the gaseous phase thereof, temporarily store that extract in that trapping loop, and introduce the extract 
to the chromatograph in an on-line manner, 

A back pressure control vaive for allowing the extract to be separated into its individual components in a 
separation column and for introducing the resultant components into a detector is disposed downstream of 
the detector which constitutes a part of the chromatograph. 

30 The above-described apparatus accomplishes a substantial improvement in that extraction and separa- 
tion can be effected in an on-line manner. 

However, it is necessary to set the trapping loop apart from the extraction vessel and the separation 
column of the chromatograph, to connect the trapping loop to only one of the extraction vessel and the 
separation column, or to connect the trapping loop directly to the pump. Therefore, three six-way valves are 

35 needed, and this necessity disadvantageously complicates the construction and operation of the apparatus. 

In general, typical prior art pressure control apparatus have been arranged to provide control so that a 
detection pressure may be set to a desired pressure by adjustment of spring force which is loaded on the 
pressure sensing piston, on which a value needle is installed so as to change the opening of a pressure 
control valve. Such a vaive is comnnercially available from Tescom (MN). 

40 However, since this pressure control valve is arranged to adjust the opening of the gap between a vaive 
seat and a needle member by the movement of the pressure sensing piston, the volumes of the spaces 
defined upstream and downstream of that gap are relatively large and therefore the amount of fluid 
stagnating in the valve may reach at least several to several tens of millilitters. 

As a result, even if separation is complete in the separation column, for example, in the previously- 

45 mentioned supercritical fluid chromatograph. an effluent may flow from the column into the pressure control 
valve to cause re-mixture of the separated components. 

To the end of preventing such re-mixture, in a supercritical fluid chromatograph of the type employing a 
capillary column, a capillary tube having an inner diameter of 10 m or less is connected to a downstream 
side of the separation column so that the flow resistance of the supercritical fluid is utilized to maintain a 

50 required level of fluid pressure (Journal of Chromatographic Science. Vol. 24, June 1986. pages 236 to 
241). 

However, in order to vary the level of pressure, the flow rate of the fluid in the mobile phase must also 
be vaned, with the result that the pressure and the flow rate both of which determine the period of retention 
time are varied at the same time. Therefore, it has been impossible to examine the details of the 
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2rarac:er;sTics oi :ne retenticn :\re cy ir\:ecenc:en:.y ^arvrg one 3: :'^e pre5S;.re an:: ':re * :.v rate. 

It 'S Known that a method or effecting separation '^ncer ^ecucec oressure is A^i;:;eiy usee in SL.percri:icai 
•|lig extract!cn accaraius. In th;s n^ethcG, re evei of oressjre is -owerec: :o :ause a >eGLc:icn n tne 
soiubiiity of an extract in the suDercnticai fluid, thereoy separating and collecting a aesired- solute 'rom the 
5 *iuid. 

However, if the afcresaia pressure control valve is ar^angea to acjust vaive ocening iS jsed m a snnali 
supercritical fluid extraction apparatus, the following croblenns are encounterea. Since a large amount of 
fluid stagnates in the pressure control valve, individual separated extracts are ^e-mixed within the oressure 
control valve, and this makes it impossible to fractionate the individual extracted substances. In addition, 
w since the extracts stagnate in the valve when the pressure of the fluid, i.e., extraction medium, decreases 
rapidly causing soiubiiity reduction, they are easily precipitated and adhered onto inner walls of the valve, 
thereby hindering the extracted substances from being completely fractionated. !n addition, such precipitat- 
ed substances often block the flow path of the valve. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a pressure control apparatus in which the 
amount of a fluid stagnating in a valve thereof is reduced. 
20 It is another object of the present invention to provide an apparatus capable of effecting extraction and 
chromatographic separation as well as fractionation by means of a simple construction and in an on-line 
manner. 

It is still another object of the present invention to provide an apparatus for effecting extraction, 
chromatographic separation, and fractionation in which apparatus the individual components of an extract 

25 separated in a separation column can be fractionated by independently controlling the flow rate and 
pressure of a fluid in the mobile phase. 

To the end of achieving the above and other objects, in accordance with a first aspect of the present 
invention, there is provided a pressure control apparatus in which the amount of a fluid stagnating upstream 
and downstream of the portion opened and closed by a valve can be minimized since the apparatus 

30 employs a valve electrically operated to open and close the flow passage between an inlet of the valve and 
its outlet without mechanical pressure sensing piston. Since the valve is arranged to be periodically opened 
and closed in a short period of time, the means value of the time period during which the fluid stagnates in 
the portion opened and closed by the valve is extremely small so that it is possible to further reduce the 
substantial amount of the fluid stagnating in the vaive. In addition, since the vaive is periodically opened and 

35 closed and since the amount of the fluid stagnating in the valve is extremely small, substances contained in 
the fluid does not easily adhere to inner walls of the valve. Moreover, since the valve is always in either fully 
opened state or fully closed state, the speed of response of the valve is high. Since the periodic opening 
and closing motions of the vaive are rapidly performed, the amplitude of variations in pressure is relatively 
small so that accurate pressure control can be provided. 

40 In accordance with a second aspect of the present invention, there is provided an apparatus for 
effecting extraction, chromatographic separation, and fractionation. In this apparatus, a chromatograph is 
connected to a downstream side of an extraction device, back pressure regulating means is provided for 
generating back pressures required for extraction in the extraction device and for chromatographic 
separation in the chromatograph, and an adsorption column packed with an adsorbent acting to adsorb 

45 extracts is dis'-osed between the back pressure regulating means of the extraction device and an separation 
column of the chromatograph. Accordingly, extraction and separation can be effected in an on-line manner 
by means of a simple construction and by a simple operation. 

In addition, the aforesaid apparatus produces an excellent effect in that it is possible to independently 
control the flow rate and pressure of the fluid in the mobile phase and also to fractionate the individual 

50 components of extracts which are separated and flow out of the separation column. 

In accordance with a third aspect of the present invention, there is provided another form of apparatus 
for effecting extraction, chromatographic separation, and fractionation. In addition to the arrangement 
according to the second aspect, this apparatus further includes a pump for delivering an extraction fluid and 
a pump for delivering an elution fluid, these pumps being disposed separately from each other. At the time 

55 of extraction, the former pump is actuated to cause the extraction fluid to flow from the back pressure 
control means of the extraction device to the adsorption device. At the time of chromatographic separation, 
the latter pump is actuated to cause the elution fluid to flow into the adsorption column. Accoraingly, in 
addition to the effects accomplished by the hereinbefore described apparatus according to the second 
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of the chromatograpn can be performed arTne 



■aspect, extraction and ciean^^of the chromatograpn can be pertorm^ed aWTe same time and it :s therefore 
possible to greatly reduce the time period required for the entire processing. 

Moreover, since the extraction fluid is separated from the elution fluid, optimum separation can be 
achieved' prior to the steps of chromatographic separation and fractionation without the need to replace the 
5 elution 'fluid. 



BRIEF DESCRIPTION OF THE DRAWINGS 

70 Fig. 1 is a circuit diagram illustrating an apparatus for effecting extraction, chromatographic separa- 

tion, and fractionation in accordance with one embodiment of the present invention; 

Fig, 2 is a three-dimensional chromatogram obtained by a multiwavelength UV detector when wheat 
germ is used as a sample in the apparatus shown in Fig. 1; 

Fig. 3 is a two-dimensional chromatogram which corresponds to wavelengths of 220, 240. and 295 
75 nm in Fig. 2; 

Fig. 4 is a chromatogram obtained by analyzing fractions collected in accordance with the time 
frames shown in Fig. 3 by means of a high-performance liquid chromatograph; 

Fig. 5 is a partial, longitudinal section of a solenoid valve which is one constituent element of a 
pressure control apparatus according to another embodiment of the present invention; 
20 Fig. 6 is a circuit diagram of a pressure adjusting device which is another constituent element of the 

pressure control apparatus; 

Fig. 7 is a circuit diagram of another example of the pressure adjusting device; 

Fig. 8 is a timing chart illustrating the operation of the circuit shown in Rg. 7; 

Fig. 9 is a flow chart illustrating one example of the software stored in a microcomputer which 
25 constitutes the pressure adjusting device; and 

Fig. 10 is a circuit diagram illustrating an apparatus for effecting extraction, chromatographic 
separation, and fractionation in accordance with another embodiment of the present invention 



30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment of the present invention will be described below with reference to the 
accompanying drawings. 

Fig. 1 illustrates in block form an apparatus for effecting extraction, chromatographic separation, and 
35 fractionation, which apparatus incorporates a preferred embodiment of the present invention. 

A cylinder 1 contains a liquefied gas which is used as an extraction/eiution fluid for extraction and 
chromatographic separation. 

The outlet of the cylinder 1 is connected to the inlet of a pump 2, and the outlet of the pump 2 in turn is 
connected to a port A of a six-way valve 3, The pump 2 is cooled by a cooling unit (not shown). A storage 
40 tank 4 stores therein a modifier solvent which constitutes a part of the extraction/eiution fluid. The outlet of 
the storage tank 4 is connected to the inlet of the pump 5, and the outlet of the pump 5 is connected to a 
pipe which interconnects the pump 2 and the six-way valve 3. 

The six-way valve 3 can be switched-over between two positions, that is, a position at which flow 
passages B-C. D-E and F-A (shown by solid lines) are opened, while flow passages A-B, C-D and E-F 
45 (shown by dashed lines) are closed, and a position at which, conversely, the former flow passages are 
closed with the latter flow passages being opened. 

A port F of the six-way valve 3 is connected to the inlet of an extraction vessel 6, and the outlet of the 
extraction vessel 6 is connected to a port C of the six-way valve 3. The extraction vessel 6 contains therein 
a sample, which may be either a liquid or a solid. If a liquid sample is employed, it is preferably absorbed 
50 into a liquid absorptive substance in order to extend the contact area with the fluid and, in this absorbed 
form, is accommodated in the extraction vessel 6. In this fashion, a desired extract alone is eiuted and flows 
out of the extraction vessel 6. The extraction vessel 6 is housed in a thermostatic chamber 7 whose 
intermal temperature is adjustable. 

In this state, a port E of the six-way valve 3 is closed and a port D of the six-way vaive 3 communicates 
55 with the atmosphere through a valve 8. 

A port B of the six-way valve 3 is connected to the iniet of a back pressure regulator indicated generally 
at 9. The back pressure regulator 9 includes a pressure transducer 10 for detecting a back pressure, a 
pressure control valve 11 having an adjustable valve opening, a pressure setting device 12, a pressure 
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!S oreferabie :c empicy the pressure contrci vaive 11 having a smaii interna) voiurr,e m .:;rc^er :d prevent Te 
extract 'rem stagnating or tracceo within the sanr'ie. 

The outlet of the bacK pressure regulator 9, that iS, the outlet of the pressure control vaive 11 is 
5 connected to the inlet of an adscroticn coiumn 14. The adsorption column 14 is packea with an aasoroent 
acting to adsorb the substances extracted from the sample <vnen the solubility of the extract m the rluid 
thereof is low. The outlet of the adsorption column 14 is connected to the inlet of a separation column 15 
packed with a material supporting stationary phase. In a similar manner to that of the extraction vessel 6, 
the adsorption column 14 and the separation coiumn 15 are housed in a thermostatic chamber 16 whose 
10 internal temperature is adjustable. 

The outlet of the separation coiumn 15 is connected to the inlet of a back pressure regulator indicated 
generally at 18 through a detector 17 used to monitor the effluent. The back pressure regulator 18, which 
has the same arrangement as the back pressure regulator 9. includes a pressure transducer 19, a pressure 
control valve 20, a pressure setting device 21, and a pressure adjusting device 22. 
;5 An outlet pipe 23 is connected to an outlet port of the pressure control valve 20, and a collection 

reservior 24 for fractionation of extracts is disposed at a position below the outlet pipe 23. 

The following is a description of this embodiment having the aforesaid arrangement. 

As necessity demands, the following flow-passage cleaning operation is carried out as a preparatory 
step. 

20 First, the flow passages A-B, C-D and E-F of the six-way valve 3, which are illustrated by the dashed 
lines, are opened and the set pressure (or gauge pressure) of the back pressure regulator 9 is set to zero, 
that is. the pressure control valve 11 is fully opened. 

In a case where a supercritical fluid is employed for the flow-passage cleaning operation, the set 
pressure of the back pressure regulator 18 is raised to a desired pressure, and the temperature within the 

25 thermostatic chamber 16 is raised to a desired temperature. These pressure and temperature are set to 
predetermined values which correspond to the solubility characteristics of a substance to be removed by 
cleaning. In this state, the pumps 2 and 5 are actuated to deliver the liquefied gas from the cylinder 1 and 
the modifier solvent from the storage tank 4. Within the adsorption column 14 and the separation coiumn 
15, the liquefied gas serves as a supercritical fluid having a relatively greater degree of solubility than that 

30 of a gas. The temperature and pressure conditions within the separation column 15 are substantially the 
same as those in the flow passage between the separation column 15 and the pressure control valve 20 
and those in a somewhat upstream side of the adsorption colu n 14, Accordingly, the supercritical fluid 
having a relative great degree of solubility is allowed to flow • jgh these flow passages. The modifier 
solvent acts to increase the solubility of the supe Titical fluid ne mobile phase. In consequence, the 

35 solubility in the mobile phase is increased to perfom the effecti^ aning of the flow passages. 
Then, the following extraction as will be described later is penormed. 
A sample is placed in the extraction vessel 6, 

When extraction is to be conducted using the supercritical liquid, the temperature within the ther- 
mostatic chamber 7 is raised to a critical temperature or higher, the pressure of the back pressure regulator 

40 9 is raised to a critical pressure or higher, and the set pressure of the back pressure regulator 18 is set to 
zero, that is, the pressure control vaive 20 is fully opened. The six-way valve 3 is switched to open the 
solid-iine flow passages B-C, D-E and F-A. 

In this manner, the liquefied gas within the cylinder 1 and the modifier solvent in the storage tank 4 are 
delivered to the extraction vessel 6, and the liquefied gas is converted into a supercritical fluid therein. 

45 Thus, soluble components are extracted from the sample placed in the extraction vessel 6 in correspon- 
dence with the temperature and pressure within the same, and the resultant extract, flowing out of the 
extraction vessel 6, passes through the back pressure regulator 9. Since the pressure control valve 20 is 
fully opened, the supercritical fluid, after leaving the pressure control valve 11, is gasified by its rapid 
pressure drop and enters the adsorption coiumn 14. Accordingly, since the solubility of the extract in the 

50 mobile phase rapidly lowers, the extract is precipitated and adsorbed onto the adsorbent packed in the 
adsorption column 14 and therefore hardly flows into the separation column 15. that is, all part of the extract 
is trapped within the adsorption column 14. 

After completion of the aforesaid extraction, the following separation and fractionation are performed. 
In a case where separation and fractionation are to be conducted with the supercritical fluid, the 

55 temperature within the thermostatic chamber 16 is raised to a critical temperature or higher, and the 
pressure setting device 12 is operated to adjust a set pressure to a zero level, that is, the pressure control 
valve 11 is fully opened and the back pressure regulator 18 is set to the critical pressure or higher. In this 
state, the valve 8 is opened, and the six-way valve 3 is switched to open the dashed-iine flow passages A- 
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C-D snd E-F. 

In this manner, the liquefied gas within the cylinder 1 and the modifier solvent within the storage tank 4 
are delivered to the adsorption column 14. The liquefied gas is converted into a supercritical fluid having a 
relatively great degree of solubility with respect to the extract to cause descrption of the extract adsorbed 
5 onto the adsorbent packed in the adsorption column 14. and the extract is introduced into the separation 
column 15 The extract is then subjected to chromatographic separation in the separation column 15, ano 
then the column effluent is passed through the detector 11 and the back pressure regulator 18. At this time, 
the supercritical fluid is gasified by its rapid pressure drop and the effluent is discharged from the outlet 
pipe 23 as a gas. An operator fractionates the chromatographic peak of interest into collection reservior 24 
w at real time in accordance with the detection data supplied by the detector 17. On completion of extraction, 
the fluid within the extraction vessel 6 is discharged into the atmosphere through the valve 8 as a gas. 

It is to be noted that the liquefied gas may be used to perform the aforesaid cleaning, extraction, 
chromatographic separation, or fractionation. In this case, the temperature and pressure conditions only 
differ from those of the aforesaid case in which the supercritical fluid is used, and the other conditions are 
15 the same. In this case, the temperature is raised to a critical temperature or higher, and the pressure is 
raised to a predetermined level or higher in correspondence with this temperature. Thus, the liquid is 
maintained in its mobile phase. 

Since this embodiment employs only one six-way valve, the construction and operation are extremely 
simplified as compared with those of the prior art. In addition, the flow rate and pressure of the fluid m the 
20 mobile phase can be independently controlled by means of the pumps 2 and 5 and the back pressure 
regulators 9 and 18. respectively. It is accordingly possible to obtain the detailed charactenstics of retention 
time by varying only one of the pressure or the flow rate. 

The following is a description of one example of fractionation which was performed by using the above- 
described first embodiment of the apparatus of the present invention. 
25 Wheat germ was used as a sample, a liquefied CO2 gas charged in the cylinder 1 as an 
extraction/elutlon fluid, and ethanol as a modifier solvent to be charged in the storage tank 4. 

5 g of wheat germ was placed in the extraction vessel 6 having an internal volume of 10 ml, the 
temperature within the thermostatic chamber 7 was maintained at 40°C, and the level of set pressure is 
adjusted to 250 kg/cm^ by means of the back pressure regulator 9. The liquified CO2 gas was delivered at a 
30 rate of 8 mt.min as a liquid at 5 "C and ethanol was delivered at a rate of 0.2 ml/min, and, in this state, 
extraction was continued for one hour. The adsorption column 14 was a cylindrical container having an 
internal diameter of 7.2 mm and a length of 50 mm, and porous silica gel having a particle diameter of 30 to 
50 urn was packed as an adsorbent into the adsorption column 14. 

The separation column 15 was a cylindrical container having an internal diameter of 10.2 mm and a 
35 length of 250 mm, and the same silica gel was charged into the aforesaid separation column 15. The 
detector 17 was a multiwavelength UV detector. The pressure control valves 11 and 20 were each 
constituted by a solenoid valve 20A having an internal volume of 10 ml. The solenoid valve 20A will be 
described in detail later in connection with Fig. 5. The pressure adjusting device 13 and 22 were each 
constituted by a pressure adjusting devices 22A, which will be described in detail below in connection with 

^° Fig 2 shows a three-dimensional chromatogram obtained by the multiwavelength UV detector. The 
vertical or so-called Z axis represents an absorbance (ABU), the horizontal or X axis representing a 
wavelength (nm), and the other horizontal or Y axis representing retention time. 

Fig 3 shows the chromatograms which correspond to wavelengths of 220, 240, and 295 nm in Fig. 2. 

45 The chromatogram corresponding to the wavelength of 295 nm represents the elution of tocopherol 
(vitamin E), and the component was fractionated through the outlet pipe 23 in accordance with the time 
frames 1 to 5 shown along the horizontal axis (time axis) of Fig. 3 while monitoring that chromatogram at 

real time. , ■ . 

Respective fractions 1 to 5 corresponding to the time frames 1 to 5 were introduced as samples mto a 
50 high-performance liquid chromatograph (HPLC), and the chromatograms shown in Fig. 4 were obtained. 

In Fig. 4, a represents the chromatographic peaks of a-tocopherols, and ^ represents the chromatog- 
raphic peaks of ^-tocopherols. 

As was expected, fractions 1 and 2 contained only small amounts of tocopherols, whereas fractions 4 
and 5 contained significant amounts of tocopherols. 
55 The following table lists the weights of solutes, ^-tocopherols and ^S-tocopherols contained in the 
respective fractions 1 to 5. 
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TABLE 



Fraction 


Solute 


a -tocopherol 
( ua) 


B -tocopherol 

(ug) 


1 


1.1 


0.3 


0.3 


2 


1.9 


0.1 




3 


82.5 






4 


115.4 


480 . 0 


100.0 


5 


11.3 


68 . 8 


68.8 


Total 


212.2 


549 .2 


169.1 



;5 Immediately after extraction was completed, a reduction in weight in the extraction vessel 6 and an 
increase in weight in the adsorption column 14 were measured. The results were both 220 mg. This amount 
of the extract was entirety used in chromatographic analysis. 

The total weight of the solute recovered was 212.2 mg as shown in Table, that is, the total recovery was 
96.52% which was an excellent value in fractionation. In this manner, in accordance with the present 
20 invention, fractionation using a back pressure regulator was accomplished which had heretofore been 
impossible of attainment. 

The following is a description of a typical example of the back pressure regulator 18. 
First of all, one example of the construction of the pressure control valve 20 will be descnbed with 
reference to Fig, 5. The pressure control valve 20 is constituted by a solenoid valve 20A. 
25 The solenoid valve 20A is fixed to a bracket 28. and a valve stem 30 is adapted to move back and forth 
along the axis thereof, thereby fully opening or closing the flow passage between the inlet 32 and the outlet 
34. 

A coupling 36 is formed at the proximal end of the valve stem 30, and the proximal end of a plunger 38 
is fitted into the coupling 36. The coupling 36 and the plunger 38 are coupled together by a screw 40 which 

30 is screwed into a hole formed in the peripheral wall of the coupling 36. The plunger 38 extends through the 
center of a solenoid 39 enclosed by a cover member, when the solenoid 39 is energized, an iron sheet 44 
fixed to an upper end portion (as viewed in Fig. 5) of the plunger 38 is magnetically attracted by the 
solenoid 39 to cause the plunger 38, the iron sheet 44, and the vafve stem 30 to integrally move 
downwardly as viewed in the same Figure. A flange portion 46 is formed at an upper end (as viewed in Fig. 

35 5) of the coupling 36. A return spring 48 is fitted onto the coupling 36 and a spring support 50 in turn is 
fitted onto the coupling 36. Thus the return spring 48 is interposed between the flange portion 46 and the 
spring support 50. The coupling 36 is inserted into a hole 52 which is bored in the axial portion of a housing 
51, and the spring support 50 is pressed into engagement with a step 53 formed on the upper end (as 
viewed in Fig. 5) of the hole 52. A stop ring 54 is fitted onto the portion of the plunger 38 which is defined 

40 between the solenoid 39 and the coupling 36. The stop ring 54 is fixed with respect to the plunger 38 by a 
screw 56 screwed into a hole formed in the periphery of the stop ring 54. When the solenoid 39 is 
deenergized, the stop ring 54 is pressed into contact with the solenoid 39 by the return motion of the return 
spring 48. Accordingly, the overall stroke length of the valve stem 30 is determined by a position at which 
the stop ring 54 is mounted. 

45 A flange 58 is formed at the proximal end of the housing 51 and the bracket 28 is clamped between the 

flange 58 and the solenoid 39, and cutouts 60 and 62 are formed in the flange 58 and the bracket 28. 
respectively. Therefore, the point of a screwdriver can be inserted into the cutouts 60 and 62 to rotate the 
screw 56, thereby enabling adjustment of the mounting position of the stop ring 54. 

The proximal end of a body 64 is screwed onto the lower end portion (as viewed in Fig. 5) of the 

50 housing 51. A hole 66 is formed in an upper end portion (as viewed in the same Figure) of the body 64, and 
a valve seat 68 having a sealing function is fitted into the hole 66. A nut 72 is screwed onto a nipple 70 
which in turn is screwed into the hole 66, and the nipple 70 is fastened to the body 64 by the nut 72. The 
valve stem 30 is inserted into a hole 73 which provides communication between the holes 52 and 66. A 
bushing 74 is fitted into the gap between the valve stem 30 and the housing 51 . and a seal ring 76 is fitted 

55 into the gap between the valve stem 30 and the body 64. These bushing and seal 74 and 76 may be 
formed of, for example, a reinforced ethylene tetrafiuoride resin, and the valve seat 68 may be formed of, 
for example, a polyimide resin. In order to cope with the breakage of the valve seat 68, a vent hole 78 is 
bored in the body 64 for providing communication between the hole 66 and the exterior. Also, in order to 
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it holes 



- cope .vith the breakage ofWcylindncal bushing 74 and seal 76, ventres 30 and 82 are bored in the 
housing 51 for orovision of communication between the hole 52 and the exterior. 

In the aforesaid construction and arrangement, when the solenoid 39 is deenergized. the valve stem 30 
,s moved upwardly by the resilient force of the return spring 48 to fully open the flow passage between the 
5 ' inle« 32 and the outlet 34. On the other hand, when the solenoid 39 is energized, the va' a stem 30 is 
moved downwardly against the resilient force of the return spring 48 to bnng the lower enc surface of the 
valve stem 30 into contact with the valve seat 68, thereby fully closing the flow passage between the mlet 

32 and the outlet 34. u i -t-j *hc> 

The internal diameter of a flow passage 84 for providing communication between the hole 73 and the 
,0 inlet 32 as well as the internal diameter of a flow passage 86 for providing communication between the hole 
73 and the outlet 34 are substantially equal to the internal diameter of a pipe which is connected to the 
solenoid valve 20A. In addition, since the solenoid 39 is periodically turned on and oH, the mean value of 
the periods during which the fluid stagnates in the hole 73 formed for communication between the flow 
passages 84 and 86 is extremely small. Accordingly, the amount of the fluid stagnating within the valve is 
,5 extremely small so that the extract is prevented from being re-mixed within the valve. 

In addition, since the valve stem 30 is continuously moved reciprocally, the extract hardly adheres to 

the inner walls of the valve. 

One example of the pressure adjusting device 22 will be described below with reference to Fig. 6 in 

which the example is indicated generally at 22A. . , , , 

20 The output voltage of the pressure transducer 19 is supplied to an inverting input terminal of a 
comparator 102 through an amplifier 100. The output voltage of a programmed setting device 21 A is 
supplied to a non-inverting input terminal of the comparator 102 through a resistor 104. The output voltage 
of a manual setting device 21 B is supplied to this non-inverting input terminal through the resistor 108. 

A switch circuit 110 is turned on and off in response to the output voltage of the comparator 102. Only 
25 when the output voltage of the comparator 102 goes to a high level, the solenoid 39 is energized. In Fig. 6. 
a drive voltage is represented by Vdo- 

In the aforesaid construction, in a manual setting mode, the output voltage of the programmed setting 
device 21 A is set to zero, and the variable resistor of the manual setting device 21 B is ad)usted to set the 
level of pressure to a desired value. In an automatic setting mode, the output voltage of the manual setting 
30 device 218 is set to zero, and 2o the programmed setting device 21 A is caused to output a voltage which 
corresponds to a desired pressure. » .no 

If a detection pressure Po is lower than a set pressure Ps. the output voltage of the comparator 102 
noes to a high level and the solenoid 39 is energized to fully close the solenoid valve 20A. Thus when the 
pressure at the end of the separation column 15 rises to make the detection pressure Pohigher than the set 
35 pressure Ps. the output voltage of the comparator 102 goes to a low level and the solenoid 39 is 
deenergized to fully open the solenoid valve 20. thereby reducing the pressure at the end of the separation 
column 15 When the detection pressure Po is made lower than the set pressure Ps. the above-described 
operation is repeated and thus the solenoid valve 20A is periodically opened and closed continuously. In 
other words, the present inventive pressure controlling apparatus constitutes a self-excited oscillator. 
40 The frequency of the aforesaid opening and closing cycle is automatically determined by the set 
pressure Ps the compressibility of the fluid, the discharges of the respective fluids from the pumps 2 and 5, 
the flow rate of the fluid passing through the solenoid valve 20A, the elastic coefficient of the container of 
the separation column 15, and the equivalent capacitance, inductance and resistance of the entire system, 
as analogous to the electrical system, which are determined by the inductance of the solenoid 39 and the 
45 speed of the response of the valve during its opening and closing operations together with the above 

The present inventor produced a solenoid valve including the valve stem 30 having a diameter of 3.2 
mm and a stroke length of 1.2 mm and a valve portion having a fluid hold-up volume of about 1 0ut. The di- 
scharge of the pump 2 was set to 1 to 10 mt/min and the motion of the pump 5 was stopped. In this state^ 
liquefied carbon dioxide was delivered by pressure to the separation column 15 having a volume of 1 to 50 
mt and the temperature of the separation column 15 was raised to a temperature equal to or higher than 
the critical temperature of carbon dioxide (31.3 = 0) to thereby obtain supercritical carbon dioxide. The level 
of pressure was controlled within a range of 100 to 300 kg/cm^. The frequency of self-excited oscillation, 
that is the frequency of the opening and closing motions of the valve automatically varied in correspon- 
dence with the discharge of the pump 2 and the level of the set pressure, within a range of about 1 to about 
20 Hz This frequency can also be varied by adjusting the mounting position of the stop nng 54. 

In the present apparatus, the accuracy of pressure control is extremely high. For example, the 
amplitude of pressure variations based on the opening and closing motions of the valve with respect to the 
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set cressure -vas suf'iciertly snnail as :ompared -vir &e cuisaiic^ ^eneraiec: re p^np 2 £c.:'^at 5^cr 
variations cql:g not be recorded by a oen recorder '^aving a nonzonta; scale of 20 kg err. 

it wiil be acpreciated that the aforesaid freq^jency ^ange iS we^' suitea 'or cse r 7ucercn:'ca. rLid 
extraction and supercritical fluid chromatography. This is because, if the detector 17 is constituted by an 
5 ODtical detector or a flarr;e ionization detector, the aforesaid frequencies are not so cw as tc generate a 
high level of wnich hinder the normal detecting ooeration of the oetector 17 (the hydrogen ionization 
detector is disposed downstream of the solenoid valve 20A). 

With the above-described back pressure regulator, it is possible to realize a small amount of stagnant 
fluid which is equivalent to about 0.001 to about 0.01 percent of the amount of a fluid which stagnates m a 
'0 pressure adjusting valve constituted by a conventional mechanical sen/o type of pressure regulator having 
an adjustable valve opening or by a combination of such a conventional type of pressure adjusting valve 
and hydraulic and pneumatic servo circuitry. 

Accordingly, it becomes possible to effect fractionation by using small supercritical fluid extraction 
apparatus or supercritical fluid chromatographs of the type which employs a small extraction vessel or 
/5 separation column having an internal volume of 1 to 10 mt. 

Another example of the pressure adjusting device 22 will be described below with reference to Fig. 7 in 
which this example is indicated generally to 22B. 

The output voltage of the pressure transducer 19 is supplied to an inverting input terminal of a 
differential amplifier 112, and the output voltage of the programmed setting device 21 A is supplied to a non- 
20 inverting input terminal of the differential amplifier 112, and the output voltage of the differential amplifier 
112 in turn is supplied to a non-inverting input terminal of the comparator 102. The output voltage of a 
sawtooth-wave generator 114 is supplied to a non-inverting input terminal of the comparator 102. The 
remaining portion of the example 22B is the same in construction as the previously-described example 22A 
shown in Fig. 6. 

25 In the aforesaid construction, if the set pressure is raised, that is, if the output voltage of the differential 
amplifier 112 is raised, the ratio of an opening period Tq to a closing period T^ of the solenoid valve 20A, 
that is. the duty ratio of valve opening and valve closing becomes small and thus the pressure within the 
separation column 15 rises. 

In the above-described example, the frequency of the opening and closing motions of the valve 

30 coincides with the frequency of the sawtooth wave. Therefore, the example is particularly effective when the 
frequency of small pressure variations in pressure control needs to be controlled within a predetermined 
range. 

Still another example of the pressure adjusting device 22 shown in Fig. 1 will be described below with 
reference to Fig, 9. In the following example, the pressure adjusting device 22 is constituted by a 
35 microcomputer. In addition, the pressure setting device 21 shown in Fig. 1 is capable of setting not only the 
level of pressure but also a frequency f of the opening and closing motions of the valve. Fig. 9 is a flow 
chart illustrating the software arrangement of the microcomputer. 

Referring to the flow chart of Fig. 9. reading of the set frequency f is effected in Step 200. in Step 202, 
a period T (see Fig. 8) which corresponds to one cycle of opening and closing of the valve is set to i/f. and 
40 the valve-opening period To in this period T is initialized and set to a half period. 

In Step 204, the set pressure Ps and the detection pressure Pq are read. In Step 206, K{Pd -Ps) 'S 
added to the valve-opening period To, and the result is set to a new valve opening period To and T - Tq is 
set to the valve closing period Tc in one period. In Step 208, the process waits for the passage of the new 
valve opening period Tq, that is, the solenoid valve 20A is kept open for the time period Tq. in Step 210, the 
45 solenoid 39 is energized and the solenoid valve 20A is kept closed for the time period T^. The process 
returns to Step 204 in which the above-described processing is repeated. 

In this manner, the duty ratio of the valve opening period is adjusted, and feedback control is provided 
so that the detection pressure Pq may be set to the desired pressure Ps- 

Although, in the foregoing description, reference has been had to closed loop control for the purpose of 
50 illustration, it will be appreciated that open loop control may also be employed. 

By way of example, the previous description is made with respect to an illustrative example in which 
the solenoid 39 is used as the drive source for the valve stem 30. However, it is of course possible to 
employ any type of element that can convert an electrical signal to a mechanical displacement. For 
example, a piezoelectnc element may be used as the drive source, or the valve stem 30 itself may be 
55 constituted by a piezoelectric element. 

Another embodiment of the apparatus for effecting extraction, chromatographic separation, and frac- 
tionation will be descnbed below with reference to Fig. 10. 

In this embodiment, an extraction fluid in the mobile phase is independent of an elution fluid in the 
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same p'nase. 

Mere specifically, as illustrated, constituent elements 301 to 305, 14 and 308 which correspona to the 
constituent elements i to 6 and 3. respectively, are connected along the flow passage between the 
• pressure control valve 11 and the separation column 15, and the arrangement of the former constituent 
5 elements is substantially the same as that of the latter constituent elements. However, a port E of the six- 
way vaive 303 Is connected to an outlet of the pressure control valve 11, and a port B of the six-way valve 
303 is connected to an inlet of the separation column 15. Also, while the cylinder 1 is charged with a 
liquefied gas as the extraction fluid, a cylinder 301 is charged with a liquefied gas as the elution fluid. The 
constituent element 6 serves as an extraction vessel, and the constituent element 14 serves as an 
70 adsorption column. 

In addition, unlike the embodiment shown in Fig. 1. the thermostatic chamber 16 contains the six-way 
valve 303 as well as the adsorption column 14 and the separation column 15, 

in respect of the remaining portion, this embodiment is identical to the embodiment shown in Fig. 1. 

The operation of this embodiment having the above-described arrangement is described below with 
15 Illustrative reference to a case m which a supercriticai fluid is employed. 

First of all. extraction and cleaning of a chromatograph. which will be descnbed below, are performed 
as necessity demands. 

A sample is placed into the extraction vessel 6, and the temperatures within the thermostatic chambers 
7 and 16 are held at temperatures not lower than a critical temperature. The set pressures of the back- 
20 pressure regulators 9 and 18 are set to a level not lower than a cntical pressure. In addition, flow passages 
A-B. C-D. and E-F (shown by dashed lines) of the six-way valve 303 are opened, and the flow passages B- 
C. D-E. and F-A (shown by solid lines) of the six-way valve 3 are opened. The valves 8 and 308 are 
opened. 

In this state, the liquefied gas and the modifier solvent both of which are used for extraction are 

25 delivered from the cylinder 1 and the storage tank 4. respectively, in consequence, in the same manner as 
that of the previousiy-described embodiment, the liquefied gas is converted to a superchtical fluid m the 
extraction vessel 6. The supercritical fluid is gasified downstream of the pressure control valve 11 , and the 
resultant extract is adsorbed by the adsorbent packed in the adsorption column 14. After completion of the 
extraction, the gas is discharged from the valve 308. 

30 Simultaneously with the aforesaid operation, the liquefied gas and the modifier solvent, both of which 
are used for elution, are delivered from the cylinder 301 and the storage tank 304. respectively, in 
consequence, in the same manner as that of the previously-described embodiment, the flow passages in 
the chromatograph are cleaned. 

Then, the following chromatographic separation and fractionation is earned out. 

35 The motions of the pumps 2 and 5 are stopped, and the six-way valve 3 is switched to open the flow 
passages A-B, C-D. and E-F shown by the dashed lines. Thus, the gas filled in the extraction vessel 6 is di- 
scharged through the valve 8. 

Then, the six-way valve 303 is switched to open the flow passages B-C. D-E. and F-A shown by the 
solid lines. Thus, the liquefied gas and the modifier solvent, both of which are used for elution are delivered, 

40 respectively, from the cylinder 301 and the storage tank 304 to the adsorption column 14. in consequence, 
separation and fractionation are effected in a similar manner to that of the previously-described embodi- 
ment. 

it is to be noted that, the operation of effecting cleaning, extraction, or chromatographic separation and 
fractionation by using a liquefied gas in place of such a supercritical fluid is the same as the operation 
45 described previously in conjunction with the previously-described embodiment shown in Fig. 1. 

In the embodiment shown in Fig. 10, since it is possible to effect extraction and cleaning at the same 
time, the period required for the entire processing can be greatly reduced. 

Since the extraction fluid is separated from the elution fluid, optimum extraction and separation can be 
achieved without the need to replace the cylinder 1 and the storage tank 4 prior to chromatographic 
50 separation and fractionation. 

In addition, it is possible to perform preliminary extraction and cleaning in a state wherein the flow 
passages B-C, D-E, and F-A (shown by the solid lines) of the six-way valves 3 and 303 are opened. More 
specifically, prior to the extraction of a desired extract, a non-desired substance, for example, a flavor, 
which is extracted under temperature and pressure conditions which differ from those of the desired extract. 
55 can be discharged through the valve 308 while being made to bypass the adsorption column 14. In this 
case. It IS possible to clean not only the interior of the separation column 15 and also that of the adsorption 
column 14 at the same time. It is also possible to separate the desired extract at a high concentration by 
switching the six-way valve 303 after completion of the preliminary extraction. 
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Aitnougn the emfcoaiment or Fig. iO 'S more :omDiicateG \n constr'jcticn :han the embcGinnent cf F-g. i. 
:r!e -"umcer 3f s:x-vvay valves used iS two. Accordingiy, the emccdirrent cf Fig. 10 5 simpier n cor-suuc:icn 
arc oceration :har :he prior art acparatus. 

If a storage tank charged with an ordinary elution liquid is used n olace of the cylinder 301, a high- 
5 oerfornnance liquic chronnatographic separation can be effectec. 

It wiii be appreciated that the present invention embraces various modification and alternatives in 
addition to the embodiments which are described previously for the purpose of illustration only. 

w 1) Modified Forms of Apparatus for Effecting Extraction, Chromatographic Separation, and Fractionation 

The modifier solvent need not necessarily be used since extraction and chromatographic separation 
may be effected with a supercritical fluid only as occasion demands. 

In place of the six-way valve, another type of valve may be employed to switch its flow passages in the 
;5 same manner as described previously. 

Both the adsorption column 14 and the separation column 15 may be constituted by a single container. 
The detector 17 may be disposed between the pressure transducer 19 and the pressure control valve 

20. 

The detector 17 may not be disposed on the flow passage. Instead, after elutes have been fractioned 
20 into the collection reservior 24 at predetermined time intervals, on-line or off-line analysis of the collected 
elutes may be performed by using a detector. 

As one constituent element of second back-pressure regulating means which is set forth in the 
appended claims a branch pipe may be provided at an intermediate portion of the pipe in Fig. 1 which 
connects the adsorption column 14 and the separation column 15. During extraction, the branch pipe may 
25 be adapted to be opened so as to reduce the level of pressure. 

The back-pressure regulating means may be constituted by a plurality of resistance pipes each having 
a different diameter and a valve disposed in each of the resistance pipes for opening and closing the flow 
passage thereof. A pressure transducer may be used to detect back pressure, thereby controlling the back 
pressure by utilizing a combination of the opened and closed states of all the valves. 
30 "Predetermined values'* relative to temperature and pressure which are set forth in the appended 

claims may vary within a predetermined range as in the case of ON-OFF control. Alternatively, the 
"predetermined values" may be varied with time through programmed setting. 

In addition, the thermostatic chamber 7 serving as first thermostatic means and the thermostatic 
chamber 16 serving as second thermostatic means may be integral with each other. The second 
35 thermostatic means may be separately provided for accommodating each of the adsorption column and the 
separation column. 

2) Modified Forms of Pressure Control Apparatus 

40 

In the previous descriptions of the embodiments, closed-loop control is referred to for the purpose of 
illustration. The present invention is of course applicable to open-loop control. 

Although the drive device for the valve stem 30 is constituted by the solenoid 39, the drive device in the 
present invention is not confined solely to such a solenoid, and any type of drive source capable of 
45 converting an electrical signal to a mechanical displacement may be employed. For example, a piezoelec- 
tric element may be used as such a drive source, or the valve stem itself may be constituted by a 
piezoelectric elerpent. 

The valve may be of any type that is capable of opening and closing the flow passage between its inlet 
and outlet. Therefore, the type of valve is not limited to that having a valve stem capable of moving back 
50 and forth along the axis thereof. For example, a slide spool type or rotary spool type of valve may also be 
employed. 

In addition, applications of the pressure control apparatus of the present invention are not limited to the 
fields of supercritical fluid extraction apparatus or supercritical fluid chromatographs. For example, the 
present pressure control apparatus are applicable to researches on the balanced states of fluids in a 
55 gaseous or liquid phase. In addition, if the pressure control apparatus of the present invention of various 
sizes are prepared, they can be applied to chemical plants or any other field that requires accurate control 
of pressure. 

In the above description, the fluid flowing in the valve is a supercntical fluid or liquid, but a gas may be 
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■used as the fiuid. However, since the response speecs of hauids are comnnonly higher than those of gases, 
further accurate control can be prcvided over pressure by using iQuids. 

in the aforesaid embodiments, the above description is made with ^espect to a back pressure regulator 
■ which IS a pressure control apparatus including the pressure transducers 10 and 19 which are disposed 
5 upstream of the pressure control valves 11 and 17, respectively. However, if the pressure transducers are 
disposed downstream of the pressure control valves, the pressure control apparatus is operable as a 
reduced-pressure control apparatus. 

Accordingly, the present invention is intended to cover all alternatives, modifications and equivalents as 
may be included within the spirit and scope of the invention as defined by the appended claims. 

w 

Claims 

1. A pressure control apparatus comprising: 
15 a valve disposed in a flow passage; 

a pressure transducer for detecting the level of fluid pressure generated on one of the upstream and 
downstream sides of said valve to provide a detection pressure Pd: and 

pressure control means for providing control over said valve so as to set said detection pressure Pq to 
a desired pressure Ps; 

20 wherein said valve is of a type electrically operable to open and close a flow passage which provides 

communication between an inlet of said valve and its outlet; and 

wherein said control means is capable of cyclically opening and closing said valve. 

2. The apparatus according to Claim 1 , wherein said pressure control means is arranged to close said 
valve when Pq < Ps and to open said valve when Pq > Ps- 

25 3. The apparatus according to Claim 1, wherein said pressure control means is arranged to control the 

duty ratio of the opening and closing motions of said valve. 

4. The apparatus according to Claim 1, wherein said valve further includes a valve stem capable of 

moving back and forth along the axis thereof to open and close said flow passage which provides 

communication between said inlet and said outlet. 
30 5. The apparatus according to Claim 4, wherein said valve stem is driven by an electromagnetic force. 

6. The apparatus according to Claim. 4, wherein said valve stem is driven by the application of a voltage 
to a piezoelectric element. 

7. A pressure control apparatus comprising: 
a valve disposed in a flow passage; and 

35 pressure control means for providing control over said valve to control the level of fluid pressure on one 

of the upstream and downstream sides of said valve; 

wherein said valve is of a type which is electrically operable for full open and full closure; and 
wherein said pressure control means is arranged to provide open-loop control over the duty ratio of the 
opening and closing motions of said valve. 
40 8. An apparatus for effecting extraction, chromatographic separation, and fractionation in which a 
chromatograph is connected to a downstream side of an extraction device; 
said extraction device comprising: 

pump means for delivering an extraction/elution fiuid containing one of a supercritical fluid and a 
liquefied gas: 

45 an extraction container for containing a sample; 

thernnostatic means for maintaining the temperature within said extraction container at a predetermined 
value so as to enable said extraction/elution fluid to effect proper extraction within said extraction container 
at the time of extraction; 

first back-pressure control means for, at the time of extraction, adjusting the opening of a flow passage 
50 to maintain a back pressure at a predetermined value which enables said extraction/eiution fluid to effect 
proper extraction within said extraction container thereby causing a soluble substance to be extracted from 
said sample, and for substantially fully opening said flow passage at the time of chromatographic 
separation; and 

flow-passage switching means arranged to form a flow passage which allows said extraction/elution 
55 fluid to flow from said pump means through said extraction container to said first back-pressure control 
means at the time of extraction and to form a flow passage which, at the time of chromatographic 
separation, allows said extraction/elution fluid to flow from said pump means directly to said first back- 
pressure control means, with said extraction container being bypassed; 

13 
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said chronnaiGgraDh conpr^smg; 

an adsorpticr container connected to a aowrstreann sice ct saia Urst cack-cressLre cqn:rc: ^eans ana 
cnarged with an acsorcent acting :o adsoro an extract: 

a separation coiunnn disposed dcwnstreann of saic adsorbent, secarately '--cnn or integrally with said 
5 aascrot;cn container, and cnarged with a suDStance in the staticnary phase tnereof; 

thernncstatic means for nnaintaining the tennperatures within said adsorption container and said 
separation coiunnn at respective predetermined values so as to enable said extraction/eiution fluid to effect 
proper chromatographic separation at the time of chromatographic separation; and 

second back-pressure control means arranged to, at the time of extraction, reduce the pressure on the 
JO inlet side of said adsorption container to cause said extract to be adsorbed onto said adsorbent charged 
into said adsorption container and to prevent said extract from flowing out of an outlet of said adsorption 
container, and to, at the time of chromatographic separation, adjust the opening of a flow passage 
downstream of said separation column so as to maintain the pressure on the outlet side of said separation 
column at a predetermined value which enables said extraction/eiution fluid to effect proper chromatoraphic 
7 5 separation so that said extract and separated components are made to flow out of said adsorption container 
and said separation column, respectively. 

9. The apparatus according to Claim 8, wherein said first back-pressure control means and said second 
back-pressure control means are each constituted by a pressure control device as set forth in Claim 1 . and 
wherein a pressure transducer as set forth in Claim 1 is disposed upstream of said valve. 
20 10. The apparatus according to Claim 9. wherein said fiow-passage switching means is constituted by a 

six-way valve. 

11. The apparatus according to Claim 10, wherein said pump means is constituted by a pump for 
delivering a liquefied gas and a pump for delivering a modifier solvent, the outlets of said pumps being 
connected in common. 

25 12. The apparatus according to Claim 11. wherein a detector for detecting a solute is disposed in the 

flow passage extending between said separation column and said second back-pressure control means. 

13. An apparatus for effecting extraction, chromatographic separation, and fractionation in which a 
chromatograph is connected to a downstream side of an extraction device; 
said extraction device comprising: 
30 a first pump for delivering an extraction fluid containing one of a supercritical fluid and a liquefied gas; 

an extraction container connected to a downstream side of said first pump and containing a sample; 
thermostatic means for maintaining the temperature within said extraction container at a predetermined 
value so as to enable said extraction fluid to effect proper extraction within said extraction container at the 
time of extraction; and 

35 first back-pressure control means connected to a downstream side of said extraction container for, at 

the time of extraction, adjusting the opening of a flow passage to maintain a back pressure at a 
predetermined value which enables said extraction fluid to effect proper extraction within said extraction 
container thereby extracting a soluble substance from said sample; 
said chromatograph comprising: 
40 an adsorption container connected to a downstream side of said first back-pressure control means and 

charged with an adsorbent acting to adsorb an extract; 

a separation column disposed downstream of said adsorbent, separately from or integrally with said 
adsorption container, and charged with a substance in a stationary phase thereof; 

thermostatic means for, at the time of chromatographic separation, maintaining the temperature within 
45 said adsorption container and said separation column at respective predetermined values so as to enable 
said elution fluid to effect suitable chromatographic separation; 
a second pump for delivering an eiution fluid; 

flow-passage switching means arranged to, at the time of extraction, form a flow passage which allows 
said extraction fluid to flow from said first back-pressure control means to said adsorption container and to 
50 form, at the time of chromatographic separation, a flow passage which aliows said elution fluid to flow from 
said second back-pressure control means to said adsorption container; and 

second back-pressure control means arranged to. at the time of extraction, reduce the pressure on the 
inlet side of said adsorption container to cause said extract to be adsorbed onto said adsorbent charged 
into said adsorption container and to prevent said extract from flowing out of an outlet of said adsorption 
55 container, and to, at the time of chromatographic separation, adjust the opening of a flow passage 
downstream of said separation column so as to maintain the level of back pressure at a predetermined 
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Value which enables said eluiion fluid to effect a proper chrormatograDhic separation so that said extract and 
separated connponents are made to flow out of said adsorption container and said separation column, 
respectively. 

14. The apparatus according to Claim 13. wherein said first back-pressure control means and said 
5 second back-pressure control means are each constituted by a pressure control device set forth in Claim 1, 

and wherein a pressure transducer as set forth in Claim 1 is disposed upstream of said valve. 

15. The apparatus according to Claim 14, wherein said flow-passage switching means is constituted by 
a six-way valve. 

16. The apparatus according to Claim 15, wherein said first pump and said second pump are 
10 respectively constituted by a punnp for delivering a liquefied gas and a pump for delivehng a modifier 

solvent, the outlets of said first and second pumps being connected in common. 

17. The apparatus according to Claim 16, wherein a detector for detecting a solute is disposed in the 
flow passage extending between said separation column and said second back-pressure control means. 
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@ Pressure control apparatus and apparatus for effecting extratlon, chromatographic separation, and 
fractionation by employing the same. 



@ A pressure control apparatus is used in an ap- 
paratus for effecting extraction, chromatographic 
separation, and fractionation. The pressure control 
apparatus is intended to reduce the amount of a fluid 
stagnating in a valve, and is arranged to cyclicaily 
open and close the valve, thereby controlling the 
^ level of pressure. An apparatus for effecting extrac- 
^ tlon, chromatographic separation, and fractionation is 
designed to perform in an on-line manner the extrac- 
JJ2 tion of soluble components contained in a sample as 
well as the separation and fractionation of the com- 
ponents. A chromatography is connected to a down- 
\jP stream side of a supercritical fluid extraction device, 
^ and the aforesaid pressure control apparatus is used 
as back-pressure regulators (9, 1 8) for the 
chromatography and the extraction device. An ex- 
& traction fluid and an elution fluid which are used in a 
^ mobile phase may be a common fluid (Fig. 1) or 



separate fluids (Fig. 10). At the time of extraction, 
the soluble components of the sample within an 
extraction vessel (6) is extracted by a supercritical 
fluid, and is delivered to an adsorption column (14). 
The supercritical fluid is converted into a gas by 
reducing the pressure within the adsorption column 
and thus the solubility of the fluid is lowered so that 
the resultant extract is adsorbed by an adsorbent 
packed in this column. At the time of chromatog- 
raphic separation, the pressure within the adsorption 
column (14) is maintained at a critical pressure or 
higher and thus an extract is eluted by the super- 
critical fluid and is delivered to a separation column 
(16), in which the extract is separated into individual 
components. Then, when the pressure within the 
adsorption column is reduced, the supercritical fluid 
is gasified and the result components are collected 
as fractions. 
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